Abstract. In China, the waste cooking oil is collected and sent for cooking illegally. It is very difficult to detect the illegal cooking oil, and it is harmful to the public health. In order to track the waste cooking oil, the working process and structure of RFID system is analyzed. Then, a tracking system based on RFID is developed. The proposed system can be applied in large restaurants and hotels, which is able to track the waste cooking oil. It ensures that the waste cooking oil to be recycled legally.
Introduction
Large restaurants and hotels are the main sources of waste cooking oil, so, it is important to monitor them and track the waste cooking oil [1] . However, the tradition paper-based methods are hard to apply in this scene, because they exist the shortages such as: (1) the paper tags can't resist the contamination of the oil; (2) the information expressed by the paper based methods can be revised without permission easily; (3) paper labels can only show limited data and information which are not sufficient for tracking waste cooking oil.
Nowadays, with the development and application of radio frequency identification (RFID) technology, it is possible to identify the things automatically and efficiently without contact [2] . RFID uses radio-frequency electromagnetic fields to transfer data, and the RFID tags contain electronically stored information. There are several kinds of RFID systems: active RFID, semi-active RFID, and passive RFID [3] .
The passive RFID system includes readers and tags. Readers transmit radio frequency signal in a specific frequency with antennas. Tags obtain energy sent by the readers, then, they will be activated, modulate the signal and send the signal to the readers. The readers receive the modulated signal and demodulate them to get the data stored in tags [4] . Although passive RFID system has limited communication distance, it is cheap and sufficient for the application of tracking waste cooking oil. So, this research adopts passive RFID system. After applying RFID technology, the objectives of this study include: (1) tracking the whole flow of the waste cooking oil, starting from producing by restaurants and hotels, and then transporting, at last, being treated. This effectively eliminates the possibility of the waste cooking oil becomes the illegal cooking oil; (2) improving tracking accuracy, the RFID tags attained to the barrel of waste cooking oil store the information through the life cycle of the waste cooking oil; (3) the methods proposed can improve the management quality and reduce the labor costs. Fig. 1 shows the principle of RFID-based waste cooking oil tracking system, which involves administrations, vehicles, restaurants and hotels. The administrations approve and issue the waste cooking oil barrels with RFID tags. The vehicles transport the waste cooking oil to the collection site where the oil can be treated legally. In this process, RFID tag stores a serial number of waste cooking oil, RFID reader can get this serial number and use it to query the database, then, the reader shows all the information of waste cooking oil in the barrel. The information of waste oil mainly contains the capacity of waste cooking oil, and the name, location, district of the restaurant or hotel. These information is stored in database, which can be verified in the collection site. Administrations also can update the data stored in database to change the real-time status of the waste cooking oil.
The Description of RFID-Based Waste Cooking Oil Tracking System
Transport vehicles send the waste cooking oil to the collection sites where have fixed RFID reader. When the vehicles enter the site, in a certain distance, the fixed RFID reader will collect the serial numbers in the RFID tags. First of all, the system can get the amount of arrival barrels The system compares the a c t u a l n with the expected number of barrels. If the actual number of barrels is bigger or equal to expected number, the result will be pass. Otherwise, the result will be not pass. The result should be recorded in the database, as listed in Table 1 . To ensure the expected concentration and capacity of the waste cooking oil, the collection site checks the waste cooking oil randomly, the checking rules are listed in Table 2 and Table 3 .
The Development of RFID-Based Waste Cooking Oil Tracking System The Framework of the Tracking System
The system is required to collect, and store the information from RFID readers. On the other hand, system users want to query the system to obtain the information of waste cooking oil. This paper adopts C# as the development programming language, and applies Visual Studio as the integrated development environment (IDE). The IDE combines Microsoft SQL Server database, and supports Client/Server software structure, which accelerates the developing process [5] .
According to the system principle introduced in Section 2, the system contains five main modules. As shown in Fig. 2 , the software has list module, reader module, safety module, kill module, and configuration module. Each module fulfills specific function, for example, reader module takes charge of reading and writing the RFID tags. This work designs three tables for the system database, there are user information table, source  information table, and waste oil information table, as depicted in Fig. 3, Fig. 4, and Fig. 5 . Here, the tables are expressed as E-R models [6] . 
The Design of System Database

The Design of Software Modules
This section introduces the development of each software module.
(1) Software login module
The login module is used for verifying the user, which is the first interface of RFID-based waste oil tracking system. It requires user name and password to recognize the user identity. After verifying the user information, the software will open the functional interface.
(2) Device searching module Device searching module is mainly used to find connected RFID reader, and confirm the connection of the device and the computer. Click Verification button on Control Panel, the software will enter verification module interface. According to the information of RFID tag, the software can query relevant information from the database. After that, the software obtains the total weight measured by the weight sensor, then, the actual number of barrels of waste cooking oil can also be calculated. If the information is incomplete, the user should click Verification button on the interface. The verification module interface is depicted in Fig. 8 .
Click Check button on Control Panel, the software will enter the checking module interface, as shown in Fig. 9 . According to the serial numbers of RFID tags, the software queries corresponding information of waste cooking oil. The actual concentration and the actual capacity can be measured by the sensor, then, the software will give sampling results automatically. After reading full data, button Check will be enabled. 
Conclusion
This paper figures out the shortages of traditional methods used in tracking waste cooking oil. Then, the paper proposes a novel RFID-based waste cooking oil monitoring system. In the discussion, the paper analyzes the principle of the system, and design the system framework and database. All the functional modules are also introduced in detail. The proposed RFID-based tracking system contributes the effective monitoring of waste cooking oil, which can avoid the illegal cooking oil problem in China.
